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In the preceding papers of this series, it has been shown that when 
rabbits are injected intracutaneously with a suspension of heat-killed 
pneumococci, a reaction occurs at the site of injection (1).  With re- 
peated injections, the reactions increase in size and intensity until four 
to six inoculations have been made, after which the reactions become 
decreased.  Following  the  intracutaneous  injections,  the  rabbits 
acquire a skin reactivity to certain derivatives of Pneumococcus, and 
in certain instances, also an eye reactivity to the same derivatives (2, 3). 
It was pointed out that while a state of skin reactivity may follow the 
injection of solutions of pneumococci  as well as suspensions of the dead 
organisms and regardless of the route of administration, the  state of 
eye reactivity arises only when intact cells have been injected intra- 
cutaneously,  and  less  frequently following experimentally induced 
infection with Pneumococcus.  Under either condition, it seems that a 
localization of the bacteria is essential in order that the animals develop 
eye reactivity. 
It is well known that when rabbits  that have received repeated 
injections of non-bacterial protein, and are later injected with small 
amounts of the same protein into the skin, marked reactions occur, 
the  "Arthus reaction"  (4).  This  skin  sensitivity is now  definitely 
known to be associated with the presence of specific antibodies in the 
circulating  blood.  It  seems  likely  that  the  "skin  reactivity"  to 
pneumococci, and  their  prqtein  derivatives,  cl~)sely resembles  the 
Arthus reaction,  while the "eye reactivity"  seems to  depend upon 
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factors which are different from those operative in the phenomenon of 
"skin  reactivity."  It has seemed  advisable  therefore  to compare all 
these reactions in a  series of rabbits treated simultaneously. 
E XPERIMIENTAL 
Each rabbit of three groups of eight received repeated injections of one of three 
different preparations.  All the rabbits of the first group received injections of a 
solution of crystalline egg albumin; each of the  second group received injections 
of a solution of "nucleoprotein" derived from a Type II (s)  Pneumococcus; the 
rabbits of the third group received injections of a suspension of heat-killed Type I 
Pneumococcus.  In four animals of each group the  injections were made intra- 
cutaneously, in the other four the injections were made intravenously. 
The injections were made once a week in quantities of 0.2 cc., which, in the case 
of the bacterial suspension,  contained the organisms  from 2  cc.  of  the original 
broth culture; while in the case of the protein solutions, 0.2 cc. of the one solution 
contained an amount of "nucleoprotein" of Pneumococcus estimated to be 0.6 rag., 
and 0.2 cc. of the egg albumin solution contained 3 mg. of the protein.  The num- 
ber of injections differed in the different animals,  as will  be brought out  later. 
The animals were bled immediately preceding each injection, so that the  develop- 
ment of circulating antibodies might be followed.  Following each injection the 
character of the reaction was carefully recorded.  At definite intervals, to be speci- 
fied later, eye and skin tests were performed by the technique described in former 
communications (2, 3). 
Repeated Injections  of Rabbits with Crystalline Egg Albumin 
a. Intracutaneous Injeaions.--Two rabbits were given 5 weekly injections  of 
egg albumin in the skin and two  animals  received  10 similar  injections.  The 
earlier intracutaneous injections of egg albumin were not followed by'definite local 
reactions.  With later injections,  there was always an extensive reaction at the 
site of injection.  Thus following the first injections,  only a  pale erythematons 
blush was seen, and this disappeared within a day or two.  In two rabbits,  tho 
fourth injection into the skin caused a definite reaction, which consisted of a cen- 
tral area of ecchymosis surrounded by a broad area of edema.  The fifth injection 
was followed by a  local reaction in all the rabbits.  This reaction was  typical 
of the Arthus phenomenon as already described by a number of workers (Arthus 
(4), Nicolle (5), Lewis (6), Opie (7), and others).  The reaction following the sixth 
injection was perhaps more severe, but with subsequent injections the intensity 
of the skin reaction remained approximately the same.  The more severe reac- 
tions began to appear within a few hours after the injection, and reached a maxi- 
mum intensity in from 24 to 48 hours.  At that time (Fig. 2) the size of the reac- 
tions varied from 4 to 6 cm. in diameter; they were circular, circumscribed and 
markedly elevated.  The reactions contained a  central area of ecchymosis and LOUIS A. JULIANELLE  645 
necrosis which measured from 1 to 2.8 cm.  The ecchymosis was surrounded by a 
thin, crimson band, 0.2 to 0.5 cm. wide.  The remainder of the lesion was pink 
to red in color and consisted of a  soft edematous ring.  The edema usually dis- 
appeared within 3  to 5  days, and the area of ecchymosis was gradually  trans- 
formed within a week into a black scab which persisted for 2 weeks or more. 
A study of the precipitating antibodies present in the sera of these rabbits each 
week revealed that the precipitins increased gradually, the titre of the serum reach- 
ing 1:400,000  by the fifth injection.  The titre continued to increase until  the 
seventh injection when a maximum of 1 : 1,000,000  was reached, and it was main- 
tained at that point during the time the injections were continued.  The antibody 
content  of the serum,  therefore,  rose concomitantly with  the reactivity of the 
skin. 
Twenty days after the final intracutaneons injection of egg albumin, the rabbits 
were tested for skin and eye  hypersensitiveness.  Skin tests were conducted by 
injecting into the skin different quantities of egg albumin.  The dilutions employed 
contained from 3 to 0.015 nag., and the volume of fluid injected in each test was 0.2 
cc.  Skin tests were also performed on each rabbit with 0.2 cc. (0.6 rag.) of the 
Pneumococcus "nucleoprotein."  There was some variation in the severity of the 
reactions to the smaller quantities of egg albllmh, but the animals reacted locally 
with all the dilutions employed.  The reactions were of the same character as those 
described above.  No skin reactions were observed following the intracutaneous 
introduction of Pneumococcus protein. 
Eye tests were done on the same day by the technique used in the preceding 
study (3).  After scarifying the cornea, one drop of a solution of egg albumin was 
instilled into the conjunctival sac.  The opposite eye was tested in a similar man- 
ner by instilling one drop of a Pneumococcus "nucleoprotein" solution.  In none of 
the rabbits of this entire group were eye reactions elicited either by the solution of 
egg albumin or by the solution of "nucleoprotein" of Pneumococcns. 
b. Intravenous Injectlons.--Four  rabbits were given each week an intravenous 
injection of 0.2 co. of a solution of egg albumin containing 3 rag. of the protein. 
Two  rabbits received a  total of  5  injections  and  two  animals were given  10 
inoculations. 
The  development of precipitating antibodies in the sera of these rabbits was 
similar to that observed in the rabbits which were given intracutaneous injections. 
The precipitin titre of the sera gradually increased to 1 : 1,000,000  at the seventh 
injection, and it remained at this point during the period of subsequent injections. 
Twenty days after the last intravenous injection of egg albumin the animals 
were tested for skin and eye hypersensitiveness.  The tests consisted of the in- 
oculation of solutions of egg albumin and of Pneumococcus "nucleoprotein" into 
the skin and the separate instillation of these solutions into the conjunctival sacs 
in the same manner as described in testing the animals injected intracutaneously. 
Typical Arthus reactions in the skin were obtained in all the rabbits at the site of 
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of injection of the Pneumococcus  "nucleoprotein"  solution.  No  eye  reactions 
occurred in any of the animals tested by the instillation of either the egg albumin 
or the "nucleoprotein" solution.  Derick and Swift (6) and Rhoads (9), also found 
that eye sensitivity did not occur in rabbits which gave typical Arthus reactions in 
the skin. 
Repeated  Injections  of Rabbits  with  the  "Nucleoprotein"  of Pneumo- 
COCCUS 
Eight rabbits were given repeated injections of a  solution of "nucleoprotein" 
derived from a strain of Type II Pneumococcus.  Injections of 0.2 cc. of the solu- 
tion were made once a  week.  In four of the rabbits the  injections were made 
intracutaneously and in the remainder, intravenously. 
a. Intracutaneous Injections.--Of  the four rabbits receiving intracutaneous inoc- 
ulations, two received 5 injections and two, 10 injections.  Following the earlier 
injections no visible local reactions occurred.  Following the fourth injection all 
of the animals exhibited a reaction at the site of injection.  At this time the re- 
actions measured from 4 to 6 cm. in diameter.  The skin showed slight, if any, 
elevation,  but  it was definitely thickened, and it assumed a  pink color.  With 
subsequent injections, the reactions increased in intensity until the seventh in- 
oculation, and from then on the reactions remained of about the same intensity. 
The more severe reactions measured from 5 to 8 cm. in diameter.  The skin was 
definitely elevated and was of a  deep red color.  A  central area of ecchymosis 
frequently developed, but necrosis of the skin was never observed.  The edema 
usually disappeared in 2 or 3 days, and within 5 to 6 days the lesion was com- 
pletely resolved.  These skin reactions to the "nucleoprotein" of Pneumococcus 
were strikingly similar to the Arthus reactions observed in rabbits hypersensitive 
to egg albumin, but they were never as severe as the latter reactions.  This re- 
semblance is seen in Figs. 1 and 2, which illustrate both skin reactions. 
The development of circulating antibodies was estimated by determining each 
week the ability of the sera of these rabbits to cause agglutination of R pneumo- 
cocci.  A  gradual increase in the agglutination titre occurred until the seventh 
injection, when a titre of 1:320 was reached, and the titre was maintained at that 
point during the remaining period of injection. 
Twenty days after the last injection tests of skin and eye hypersensitiveness were 
made.  The sensitivity of the skin was tested by the injection of 0.6 rag. (0.2 cc.) 
of the nucleoprotein of Pneumococcus and 3 rag. (0.2 cc.) of egg albumin.  Eye 
tests were also performed with these proteins.  In all the rabbits, skin reactions 
of the type already described occurred at the site of injection of the Pneumococcus 
"nucleoprotein" only.  No reactions occurred at the site of injection of the solution 
of egg albumin.  Nane of the rabbits exhibited eye reactions to either protein. 
b. Intravenous Injectlons.--Four  rabbits were given intravenous injections of a 
solution of Pneumococcus  "nucleoprotein."  Two  rabbits received 5  injections 
and two received 10 injections.  The development of antibodies in the sera of these LOUIS A.  JULIANELLE  647 
animals was studied,  and it was found that the rate and time of  appearance  of 
anti-R agglutinins in these rabbits did not vary materially from the rate and time 
of appearance of those antibodies in the rabbits receiving intracutaneous injections 
of Pneumococcns  "nucleoprotein" solution.  The subsequent  injections  had no 
further effect on the antibody titre of the sera. 
Twenty days after the last injection of the antigen,  the animals were tested for 
skin hypersensitiveness by intracutaneous injections of solutions of Pneumococcus 
"nucleoprotein" and of egg albumin, and they were tested for eye hypersensitive- 
ness by the separate instillation  of solutions of these two proteins into the con- 
junctival sacs.  The same quantities of the solution and the same  methods  were 
used as those employed in the previous  experiment.  Skin reactions  occurred in 
all animals  at the site  of injection of the Pneumococcus  "nucleoprotein."  No 
skin reactions occurred at the site of injection of the egg albumin solution.  The 
positive skin reactionsresembled those which occurred in the animals which had 
previously been given repeated injections of Pneumococcus protein into the skin. 
No eye reactions occurred in any of the animals following the instillation  of either 
the "nucleoprotein" solutions or the egg albumin solution. 
Injection  of Rabbits  with Suspensions  of ttea2-Killed  Pneumococcus 
Type I 
Eight rabbits  were given repeated weekly  injections  of suspensions  of heat- 
killed Pneumococcus Type I; in four the injections were made into the skin and in 
four into a vein.  At each injection 0.2 cc. of the suspension  was given and this 
contained the bacteria from 2 cc. of broth culture. 
a. Intracutaneous Injecgions.--Two rabbits received  5 injections  and two re- 
ceived  10 injections.  The reaction of the skin to successive injections  of pneu- 
mococci has been described in detail in an earlier communication  (1), but for pur- 
poses of comparison with the skin reactions to soluble proteins, however, they will 
be described again in brief.  The first injection was followed locally by a sharply 
circumscribed,  indurated, pink nodule which disappeared  within a few days.  A 
secondary  reaction frequently followed the disappearance  of the first  reaction. 
With repeated inoculations,  the reaction at the site of injection  increased gradu- 
ally in size, intensity, and duration until the fourth to the sixth injection.  At this 
time, the skin was markedly elevated and assumed a reddish to purple hue.  There 
was considerable edema and a central area of ecchymosis appeared  at the site of 
which the skin frequently breaks  down.  The lesion of the severe reaction  per- 
sisted  for 3 to 5 weeks.  The reaction following the injections  after the fourth 
to the sixth  had a modified character; they were flat,  without edema or ecchy- 
mosis;  they varied  considerably  in  size, and  they  disappeared  comparatively 
rapidly. 
Weekly tests of the sera of these o  n{rnals failed to show the presence of type- 
specific antibodies at any time and none of the sera possessed protective power for 
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time at the third bleeding.  Mter this the titre of the serum for these agglutinins 
increased gradually and after the seventh injection an agglutination  titre of 1 : 1280 
was reached.  The titre was maintained at that point during the remainder of the 
period of injections.  Twenty days after the last injection of bacterial  suspension 
these animals were tested for skin and eye hypersensitiveness.  The injection of a 
solution of the "nucleoprotein"  of Pneumococcus into the skin gave rise to a reac- 
tion at the site of injection in all animals and these reactions resembled  the  skin 
reaction  to the  "nucleoprotein" in  the  animals  which  had  previously  received 
repeated  injections  of  the  "nucleoprotein"  solution.  Reactions occurred in the 
eyes of three of the rabbits following the instillation  of the solution  of "nucleopro- 
tein."  In one  animal  no reaction  occurred.  The  eye reactions  involved  the 
cornea  but  were without a  pannus.  (See Figs. 3 and 4.)  These  reactions have 
been described fully in a previous paper (3). 
b. Intravenous Injections.--Four  rabbits were given intravenous injections  of 
heat-killed pneumococci Type I.  The schedule of injections was the same as that 
employed for the intracutaneous inoculations.  Two rabbits received 5 injections 
and two, 10 injections. 
A study of the presence of antibodies in the sera of these rabbits showed that 
type-specific agglutinins were demonstrable  after the second injection in a titre of 
1 : 5 and 1 : 10.  These antibodies increased and after the fourth injection the agglu- 
tination titre of the serum was 1 : 80.  The titre was not influenced by further in- 
jections  of the  bacterial  emulsion.  Species-specific antibodies  (R  agglutinins) 
also appeared  in the serum but the increase was more gradual.  After the third 
injection,  the titre of the serum for these antibodies  was 1:10, and it increased to 
1:640 after the fifth injection.  From then on, the titre fluctuated slightly  above 
and below that point. 
Twenty days after the last injection  of bacteria tests for skin  and eye hyper- 
sensitiveness were conducted as described  above.  Injections into the skin of a 
solution of "nucleoprotein" of Pneumococcus gave rise to reactions  at the site of 
injection in all the rabbits.  These reactions could not be differentiated from those 
observed in the animals which were tested 20 days after repeated  intracutaneous 
injections.  Tests for eye hypersensifiveness all gave negative results. 
The observations made in these experiments, in which the reactions 
occurring in three groups of rabbits treated in various ways were stud- 
ied, may be summarized as follows: 
With  repeated  intracutaneous injections of egg albumin,  "nucleo- 
protein" of Pneumococcus or heat-killed Pneumococcus cells the rab- 
bits  all showed reactions at the site of injection.  Mter  each of the 
first 3  injections of egg albumin  there occurred a  faint erythematous 
blush.  The reaction following the fourth injection was more severe, 
while the reactions following the fifth and sixth injections were very LOUIS A.  ~LIAN~ELLE  649 
severe, with  necrosis of  the  skin  and  scab  formation,  the  typical 
Arthus phenomenon.  The reactions following the subsequent injec- 
tions were approximately of the same intensity as those following the 
fifth and sixth injections. 
When, instead of a solution of egg albumin, a solution of the 'tnucleo- 
protein"  of  Pneumococcus was  repeatedly  injected into  the  skin 
no reactions occurred after the first 3 injections.  After the  fourth 
injection a  mild reaction occurred and after  the fifth,  sixth  and 
seventh injections reactions of a  considerable grade of severity were 
seen.  These reactions also resembled the Arthus phenomenon, except 
that they were less severe.  No necrosis of the sk{n was ever observed. 
The local reactions after the subsequent injections were of the same 
character and of the same intensity as those after the fifth and sixth 
injections. 
When suspensions of bacterial cells were repeatedly injected into 
the skin, reactions at the site of injection occurred after the first and 
all subsequent injections.  The reaction after the first injection was 
not of great severity and disappeared within 4 to 5 days.  On about the 
tenth day, however, there  occurred  an  exacerbation  of the lesion 
at the same site, the so-called "secondary reaction."  The intensity of 
the reactions which occurred following the subsequent injections be- 
came greater up to the fourth and sixth injections, after which the 
reactions became increasingly milder.  No secondary reactions oc- 
curred except following the first injections.  The superficial aspect of 
the skin reactions following the repeated_injections of the suspensions 
of bacterial cells did not differ  essentially from those of the reactions 
after  the injections of egg albumin and  "nucleoprotein" solutions, 
though in the former there has seemed less tendency for a zonal ar- 
rangement to be present, with ecchymosis in the center, about this 
erythema, and surrounding this an area of edema.  But too much 
stress must not be laid on the difference in the superficial appearance 
of the different reactions.  In the severe reactions after injection of 
suspensions  of whole cells,  necrosis  and  scab  formation sometimes 
occurred just as they did after injections of egg albumin. 
The  reactions  following the  injections  of  whole  ceils  do  differ, 
however, from the reactions following repeated injections of egg al- 
bumin or "nucleoprotein" in that with the former every injection. 650  INTRACUTANEOUS  INJECTIONS  OF  PNEUMOCOCCI.  VI 
including the first, is followed by a reaction, while with the latter the 
reactions do not occur until 2 or 3 injections have been made.  More- 
over, following injections of egg albumin, or bacterial "nucleoprotein" 
when the reactions have become of maximum intensity, the reactions 
to all subsequent injections are also of maximum grade.  On the other 
hand, when a  reaction of maximum degree has followed one of the 
injections of suspensions of whole cells,  the reactions to subsequent 
injections are milder and of a somewhat different character. 
While, therefore, the skin reactions following injections of solutions 
of egg albumin, or bacterial "nucleoprotein," or of suspensions of pneu- 
mococcal cells, all resemble one another superficially and are like the 
Arthus phenomenon, the reactions following injections of the whole ceU 
have certain characteristics, and others will be mentioned later, which 
indicate that they are of a  different character.  When the rabbits, 
which had received repeated weekly injections either intravenously or 
intracutaneously, of solutions of egg albumin, or solutions of Pneumo- 
coccus "nucleoprotein," or  suspensions of heat-killed pneumococci, 
were tested 20 days after the last injection by injecting 0.2  cc. of a 
solution of egg albumin, or bacterial "nucleoprotein" intracutaneously, 
local skin reactions occurred in certain animals.  In the animals which 
had  been  previously repeatedly  injected intravenously or  intracu- 
taneously with egg albumin, typical Arthus reactions occurred when 
egg albumin solution was injected, but no reaction occurred  when 
"nucleoprotein" solution was injected.  Exactly the opposite results 
were obtained in the animals which had previously received injections 
of a solution of Pneumococcus "nucleoprotein."  The reactions were 
therefore quite  specific as  concerns the proteins employed.  In  all 
cases  these skin reactions were of a  mild  "Arthus"  type.  In  the 
animals  previously repeatedly  injected,  with  suspensions of  heat- 
killed pneumococci, intravenously or intracutaneously, no skin reac- 
tions were observed following the subsequent injection of egg albumin. 
When the tests were made with "nucleoprotein" solutions, however, 
definite skin reactions occurred and these did not differ materially 
from the reactions occurring in the tests previously mentioned. 
Eye  tests  were performed on  all  the  animals 20  days  after  the 
preparatory injections had been given.  Into one eye a solution of egg 
albumin was instilled and into the other eye a  solution of "nucleo- LOUIS A.  IULIA/gELLE  651 
protein" was instilled.  In no cases were reactions observed except 
in animals in which previous repeated intracutaneous injections of a 
suspension of heat-killed pneumococci had been made.  In three of 
these animals typical eye reactions  (3)  occurred, in one animal no 
change was observed. 
The time of occurrence of all these reactions in the skin and eye was 
studied with especial reference to the development of antibodies in 
the  blood.  It  will be  seen  by  referring to  the  description of the 
experiment,  that  during  the  period  when  repeated  injections  of 
egg albumin and "nucleoprotein" were being made, either intracu- 
taneously or intravenously, antibodies specific for the respective pro- 
teins gradually developed in the blood.  They reached a  maximum 
concentration about the seventh injection, and the titre of antibodies 
in the blood then remained at the maximum level during the remainder 
of the period of observation.  The antibodies appearing in the serum 
coincident with the injections of Pneumococcus "nucleoprotein" were 
of the species-specific kind. 
It will be observed that in the animals receiving repeated injections 
of egg albumin and "nucleoprotein" the development of antibodies 
in the blood ran a course parallel to the occurrence of the skin reactions 
following the repeated injections of the proteins.  The concentration 
of antibodies continued at a high level and was high at a time when the 
subsequent skin tests were made, 20 days after the end of the series of 
injections.  There seems therefore to be a definite relationship between 
the presence of antibodies in the blood and the occurrence of the skin 
reactions following injections of egg albumin and "nucleoprotein." 
This is also the case in the rabbits in which repeated intravenous injec- 
tions of suspensions  of heat-killed pneumococciwere  made.  In this case 
type-specific as well as species-specific  antibodies appeared in the blood. 
On the other hand, in the animals in which repeated intracutaneous 
injections of heat-killed pneumococci were made, only species-specific 
antibodies appeared in the blood, and the relation of the concentration 
of these antibodies in the blood to the occurrence of skin and eye reac- 
tions was not so definite.  Antibodies did not appear in the blood until 
after the third injection and the maximum titre of the serum was not 
reached until after the seventh injection, following which the antibody 
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however, occurred after the very first injections when no antibodies 
were present in the blood, and reached their maximum intensity after 
the fourth to sixth injections, before the concentration of antibodies 
in the serum had reached the maximum, and, in some cases, when the 
concentration of antibodies in the serum was still low.  Moreover, the 
reactions following the later injections were modified in character and 
decreased in intensity and this at a  time when the concentration of 
antibodies in the blood was still high. 
The results of this experiment indicate in a  more striking manner 
than do the previous studies that the skin and eye reactions which 
are observed following the intracutaneous injections of suspensions of 
whole cells are the manifestations of a different mechanism from that 
which is operative in the occurrence of skin reactions following the 
repeated injections of soluble proteins, or following the injection of the 
whole cells into the circulation.  In the latter instance the reactions 
are associated with the presence of antibodies in the blood and are 
analogous to the Arthus phenomeonon; in the former case the type of 
skin and eye reactivity depends on some mechanism directly related 
to the localization of the bacteria in the skin, but the exact nature of 
this mechanism is still obscure. 
This conclusion receives additional support from experiments under- 
taken to test the possibility of transferring the heightened "skin and 
eye reactivity" from animals which have received repeated injections 
of protein or bacteria to previously untreated animals. 
That the Arthus variety of hypersensitiveness  may be transferred  to normal 
animals was first shown by Nicolie (5).  This was more recently accomplished by 
Opie (6) who showed, in  addition, that the severity of the skin reaction to the 
specific antigen, in rabbits injected with sera from actively sensitized rabbits, was 
approximately proportional to the concentration of antibodies present in the blood 
of the recipient animal after the transfer. 
EXPERTMENTAL 
Previously untreated rabbits  were given intravenous injections of serum ob- 
tained from a single actively sensitized animal.  The quantity of serum injected 
varied from 15 to 30 cc.  On the day following the transfer of serum the recipient 
animals were bled in order to determine  the  titre  of circulating antibodies  and 
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Transference of ttypersensitiveness Induced by Repeated Injections of 
Egg Albumin 
Each of six normal rabbits was injected  intravenously  with  16  to 27  cc. of 
serum from one of six animals which gave intense reactions when a solution of egg 
albumin was injected into the skin.  The donors had been injected repeatedly 
with egg albumin, three intravenously and three intracutaneously.  On the follow- 
ing day the precipitin titre of the sera of the recipients varied from 1 : 10,000 to 
1:50,000.  Skin tests were performed in the usual manner.  Five rabbits gave 
distinct skin reactions, with edema and, in one of the 5 reactions, a central zone of 
ecchymosis was present.  In the  sixth  animal the  skin  reaction was doubtful, 
consisting only of a  diffuse erythema.  Eye tests  were also done, but  in each 
instance no reaction was obtained.  Control of the specificity of the skin reaction 
was accomplished by intracutaneons injections of Pneumococens nucleoprotein. 
No reactions followed the administration of this material. 
Transference  of ttypersensitlveness Induced  by Repeated Injections of 
Pneumococcus  " Nucleoprotein" 
Ekch of eight normal rabbits  was injected intravenously with 15 to 25 co. of 
serum obtained from one of eight rabbits which had received injections of the 
"nucleoprotein" of Pneumococcus, four intravenously and four intracutaneously. 
On the following day the species-specific  antibody titre of the serum of each of the 
recipients was measured by agglutination of R pneumococci.  The titre was found 
to vary in the different animals from 1:20 to 1:80.  The recipient animals were 
tested in the usual manner for eye and skin sensitivity to Pneumococcus "nucleo- 
protein."  In six of the  animals more or less intense  skin  reactions occurred, 
in one a doubtful reaction, and in the remaining a~nal no reaction was observed. 
The eye reactions were negative in each animal.  Control of specificity was ac- 
complished by skin and eye tests with a solution of egg albumin and no reactions 
were obtained to this material. 
Transference of ttypersensitiveness Induced by Repeated Injections of 
Intact Pneumococci 
Each of twenty rabbits was injected with  15 to 30 cc. of serum from one of 
twenty rabbits which had received repeated injections of a  suspension of heat- 
killed  pneumococci.  Five  of  the  donors  received  intravenous  injections  of  S 
cells, and fifteen received intracutaneous inoculations of S pneumococci.  It should 
be stated that eye sensitivity had been demonstrated in all of the donors which had 
received intracutaneous injections.  On the following day in none of the recipient 
animals were anti-S agglutinins present in the sera, while the anti-R titre of the 
serum varied from 1:20 to 1:320.  Skin tests were performed in the usual manner 
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instillation  of nucleoprotein  in the conjunctival  sac after scarification of the cornea. 
No eye reaction was elicited in any of the animals.  This was to be expected in 
the recipient animals which received serum from donors which did not them- 
TABLE  I 
Reactions of Hypersensitiveness in Rabbits 
Reactions 
Reaction  at site of 
each injection 
Development of  cir- 
culating antibodies 
(a) type-specific... 
(b) species specific. 
Active resistance ..... 
Increased sensitivity 
(a)  skin. 
(b) eye... 
Transfer of sensitivity 
eye ..... 
i  Following repeated 
I  injections  o[ egg albumin 
i  , 
Latracutaneous  Intra-  venous 
X 
Following repeated 
injections of Pneumo- 
coccus prote/n 
Intracutaneous  Intra- 
venous 
1st 3 injec. -  1st 3 injec. -  × 
4th-10th  4th-10th 
injec. +  injec. + 
X  X  ~ 
+  +  +  +, 
×  × 
+  +  +  + 
+  +  +  + 
Following repeated injec- 
tions of heat-killed 
pneumococci (Type I) 
Intracutsnsous  Intra-  venous 
1st  injec.  +  X 
increase in 
intensity 
until  4th- 
6th  injec. 
Then  de- 
crease  in 
reaction 
-  + 
+  + 
+  + 
+  + 
+ 
+  + 
m 
-k indicates presence of reaction. 
-  indicates absence of reaction. 
×  indicates tests were not done. 
selves exhibit eye sensitivity, but the lack of eye reactivity in the animals which 
had received intracutaneous injections and which had been shown to be  "eye 
reactive" indicates that in these animals a special type of sensitivity was presenL 
a type in which the sensitivity cannot be transferred by serum transfusion. LOUIS A.  JULIAIqELLE  655 
~strm~ 
From the series of studies concerning the reactions of rabbits  to 
injections of pneumococci and their products it appears that when 
heat-killed pneumococci or their products are repeatedly injected into 
rabbits, intravenously or intracutaneously, the rabbits become hyper- 
sensitive to subsequent  intracutaneous  injections of  Pneumococcus 
proteins, as shown by a reaction in the skin, which is analogous to the 
Arthus phenomenon as exemplified in rabbits following injections of 
non-bacterial  protein.  The development of this hypersensitiveness 
occurs simultaneously with the development of species-specific  anti- 
bodies in the blood, and this type of hypersensitiveness may be trans- 
ferred to normal rabbits following the transfer of blood serum from the 
sensitive animals.  The development of this type of sensitivity seems 
to  bear  no  relation  to  active immunity,  since animals  repeatedly 
injected with soluble products of the pneumococcus cells show no ac- 
tive immunity and nevertheless are skin reactive. 
When the whole, killed bacteria are injected repeatedly intracuta- 
neously another type of hypersensitiveness, in addition to that just 
described, makes its appearance.  This is shown by the fact that ani- 
mals treated in this way react in a different manner to the individual 
injections of the bacteria into the skin.  At the first injection there 
occurs a  reaction in the skin, a  primary reaction, which disappears 
after a few days, but is followed in about 10 days by a recrudescence. 
This  recrudescence occurs even without a  second injection, and is 
probably an evidence of the development of hypersensifiveness. 
With the repeated intracutaueous injections of the whole organisms 
the skin reaction becomes gradually more severe; secondary reactions 
occur, however, only after the first injection.  After 4 to 6 skin injec- 
tions have been made the reactions become of lessened severity and 
are also modified in their character.  The skin reactions durin~ the 
course of injections, therefore, are probably different from unmodified 
Arthus reactions, though the Arthus type of sensitivity is coincidently 
present in the animals, as is shown by their exhibiting typical Arthus 
reactions when they are injected with small amounts of Pneumococcus 
protein 20 days later.  That another type of sensitivity develops in 
these animals is also shown by the fact that they become eye sensitive 656  INTRACUTANEOUS  INJECTIONS  OF PI~EUMOCOCCI.  VI 
to Pneumococcus protein, while animals treated in other ways never 
do.  Apparently when bacteria are localized in the skin there occurs 
the development  of a new and different kind of hypersensitiveness. 
S~RY  AND  CONCLUSI01~S 
1.  Rabbits receiving either intracutaneous or intravenous injections 
of crystalline egg albumin acquire a "skin sensitivity" but not an "eye 
sensitivity" to the albumin. 
2.  Rabbits receiving either intracutaneous or intravenous injections 
of the "nucleoprotein" of Pneumococcus acquire a specific "skin sensi- 
tivity" to the "nucleoprotein" but not an "eye sensitivity." 
3.  Rabbits receiving intravenous injections of a suspension of heat- 
killed pneumococci acquire a  "skin hypersensitiveness" but not an 
"eye hypersensitiveness" to the "nucleoprotein." 
4.  The skin hypersensitiveness to the respective proteins is asso- 
ciated with the presence of antibodies in the blood and is transferable 
by the injection of serum from an  actively sensitized to  a  normal 
rabbit. 
5.  Rabbits receiving intracutaneous injections of a  suspension of 
heat-killed  pneumococci  also  acquire  a  "skin  hypersensitiveness" 
to'the "nucleoprotein" of the cell, but they may acquire an eye hyper- 
sensitiveness as well. 
6.  Rabbits  injected intracutaneously with  a  suspension of heat- 
killed pneumococci show a  primary and a  secondary skin reaction 
following the first injection.  The intensity of the reactions increases 
with subsequent injections up to  the fourth to  the sixth injection. 
With later injections these reactions change in character and decrease 
in intensity.  These reactions bear no apparent relation to the pres- 
sence of antibodies in the blood. 
7.  Rabbits  injected intracutaneously with  a  suspension of heat- 
killed pneumococci develop "eye hypersensitiveness" which, under the 
experimental conditions, is not transferable from "eye reactive"  to 
normal rabbits. 
8.  It appears, therefore, that following the injection of heat-killed 
pneumococci into the skin a special kind of "eye" and "skin hypersen- 
sitiveness" develops which is not related to the presence of circulating 
antibodies and which cannot be transferred from the sensitive to nor- 
mal rabbits. LOUIS A. IIILIANELLE  657 
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EXPLANATION OF PLATE  11 
FIG. 1.  Cutaneous reaction in a rabbit 24 hours after the injection of 0.6 rag. of 
the nucleoprotein of Pneumococcus.  The rabbit had received preliminary injec- 
tions of heat-killed pneumococci intravenously, and the last injection was made 
20 days before the skin test. 
FIG. 2.  Cutaneous reaction in a rabbit 24 hours after the injection of 3 nag. of 
crystalline egg albumin.  The rabbit had received preliminary injections of egg 
albumin intravenously, and the last injection was made 20 days before the skin 
test. 
FIG. 3.  Ophthalmic reaction in a rabbit which had been made hypersensitive by 
injections  of heat-killed  pneumococci into the  skin.  This illustrates  the  con- 
junctival reaction. 
Fro. 4.  Ophthalmic reaction in a rabbit which had been made hypersensitive by 
injections of heat-killed pneumococci into the skin.  This illustrates the corneal 
reaction with the formation of a pannus. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  51  PLATE  1 1 
(Julianelle:  Intracutaneous injections of pneumococci.  VI) 